Background-How serum albumin levels are associated with risk for heart failure (HF) in the elderly is unclear.
Conclusions-Low serum albumin levels are associated with increased risk for HF in the elderly in a time-dependent manner independent of inflammation and incident coronary events.
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Several prospective studies have demonstrated an association between low serum albumin and increased cardiovascular morbidity and mortality.1 -4 A reduction in serum albumin over time is associated with increased incidence of cardiovascular disease, even if the change is within normal albumin range. 5 In patients with established heart failure (HF), hypoalbuminemia is associated with 1-and 5-year all-cause mortality, HF-related mortality, and need for heart transplantation. 6 Whether this association is independent of other risk factors is not well established. We have recently shown that, among the elderly, albumin concentrations were independently associated with 5-year risk for HF.7Low serum albumin concentrations may be associated with HF for several reasons. Hypoalbuminemia may be a marker of comorbidity burden.8 Low serum albumin may be a reflection of inflammatory burden predisposing to HF.9 -12 Irrespective of the mechanism, considering that measurement of serum albumin is relatively inexpensive and widely available, it could serve as a potential screening tool to identify individuals at risk for HF. However, in order for serum albumin to be used as a screening tool, the generalizability and robustness of association between serum albumin and HF risk needs to be demonstrated across race and sex-based subgroups. Finally, it is unclear whether the value of albumin for determination of HF risk is retained when information on inflammatory markers is available or whether the increased risk is exclusively mediated by interim coronary events.
In this study, we extend our earlier findings on the association between serum albumin concentrations and risk for incident HF among the elderly participants of the Health ABC Study. Using 10-year follow-up data, we report on the form and time course of this association, explore the impact of inflammation and interim coronary events, assess the effect of the competing risk of death on the albumin-HF link, provide stratified analyses for major demographic groups, and assess for differential association of albumin with HF with reduced or preserved left ventricular ejection fraction.
METHODS
Study Population
The Health Aging Body Composition Study is a population-based cohort of 3,075 wellfunctioning, community-dwelling men and women aged 70-79 years at inception. Participants were identified from black and white residents using Medicare beneficiary rolls and residing in zip codes from the metropolitan areas of Pittsburgh, PA and Memphis, TN. The recruitment period was from March 1997 to July 1998. Eligibility criteria included: age 70-79 years at inception, no difficulties performing basic activities of daily living, selfreport of no difficulty walking one-quarter of a mile or climbing 10 steps without resting, no reported use of a cane, walker, crutches, or other equipment for movement, no history of active treatment for cancer in the previous three years, and no intention to move out of the area in the upcoming three years. The participant was excluded if participating in a trial involving a lifestyle intervention. The Institutional Review Boards at both sites approved the protocol.
Participants with HF, possible HF, or missing data on HF were excluded (n=140) from this analysis. Of the 2935 participants without prevalent HF, 2908 had albumin levels at baseline. One participant was excluded because of an extreme outlier albumin level. The remaining 2907 participants were included in this analysis.
Serum Albumin, Biochemistry, and Cytokine Measurements
Blood samples were obtained after an overnight fast and frozen at −70°C at the University of Vermont. Standard chemistries were measured by a colorimetric technique on a Johnson & Johnson Vitros 950 analyzer. Cytokines (Interleukin-6 [IL-6], tumor necrosis factor α [TNF-α], and C-reactive protein [CRP]) were measured in duplicate by an ELISA kit from R&D Systems. The detectable limit for IL-6 was 0.10 pg/mL and 0.18 pg/mL for TNF-α. Serum CRP was also measured in duplicate by ELISA on the basis of purified protein and polyclonal anti-CRP antibodies. The CRP assay was standardized according to World Health Organization First International Reference Standard with a sensitivity of 0.08 mg/L. The lower detection limit for CRP was 0.007 mg/L. Blind duplicate analyses (n=150) for IL-6, CRP, and TNF-α showed interassay coefficients of variation of 10.3%, 8.0%, and 15.8%, respectively.
Study Definitions
Race was self-defined by the participant. Diabetes mellitus was defined as a self-reported history or use of anti-hyperglycemic medication. Smoking was defined as current, past (≥ 100 lifetime cigarettes), or never. Left ventricular hypertrophy was diagnosed from the electrocardiogram using the following criteria: R amplitude > 26 mm in either V 5 or V 6 , or R amplitude >20 mm in any of leads I, II, III, aVF, or R amplitude >12 mm in lead aVL or R amplitude in V 5 or V 6 plus S amplitude in V 1 >35 mm. Coronary heart disease was defined as: (1) history of surgical or percutaneous revascularization; or (2) electrocardiographic evidence of myocardial infarction; or (3) self-reported history of myocardial infarction or angina accompanied by use of anti-anginal medications. Hypertension was defined as self-reported history of physician diagnosis accompanied by use of antihypertensive medications. Incident coronary heart disease was defined as hospitalization for myocardial infarction or angina pectoris, or elective surgical or coronary revascularization.
Study Outcome
All participants were asked to report any hospitalizations, and every 6 months they were asked direct questions regarding interim events. Medical records for overnight hospitalizations were examined. All first admissions with an overnight stay that was confirmed as related to HF, based on symptoms, signs, chest radiograph results, and echocardiographic findings, using criteria similar to those used in the Cardiovascular Health Study. 13 The criteria required at least HF diagnosis by a physician and treatment for HF. 14 
All deaths were reviewed by the Health ABC Diagnosis and Disease Ascertainment
Committee and underlying causes of death were determined by central adjudication. Information on ejection fraction post-HF development was abstracted from the hospital medical records during the index hospitalization and was derived from echocardiography or left ventriculography reports.
Statistical Analysis
Descriptive statistics are presented as mean (standard deviation) for continuous and percentages for categorical variables. Differences in baseline characteristics between participants who did or did not develop incident HF were assessed with nonparametric rank sum test for continuous and Fisher's exact test for categorical variables. The correlations between comorbidities, HF risk predictors, and inflammatory markers with baseline albumin level were evaluated by Spearman rank correlation. The relation between albumin and HF risk was examined with a Cox proportional hazards model; proportionality of hazards was examined by including an interaction term of albumin with time. The functional form of albumin as a continuous variable was determined by examining fractional polynomial and spline transformations. 15 We also evaluated albumin as a categorical variable using the cohort median (<40g/L vs. ≥40g/L) to construct Kaplan-Meier curves and demonstrate timedependent effects.
In multivariable Cox models, we first controlled for independent clinical predictors of incident HF as previously identified. 7 Secondly, as the relation of albumin and cardiovascular risk has been previously attributed to inflammation, the next set of variables included IL-6, TNF-α, and CRP concentrations. Lastly, the impact of incident coronary events on the relationship of albumin and incident HF was included as a time-varying covariate. The proportional hazards assumption was evaluated by examining log-log survival plots and evaluation of interactions with time in extended-Cox models. Because of higher mortality in elderly and death potentially masking development of HF, we repeated the regression analyses entering death as a competing event using the extension of the Cox model as proposed by Fine and Grey. 16 To examine the association of albumin on risk for HF with impaired or preserved ejection fraction (defined using a cut-off point 40%) we performed separate regression analyses taking only HF events of the type of interest into account and censoring the other type of HF event. To compare albumin coefficients for HF with impaired vs. preserved ejection fraction we used a z test where the standard error for the difference of coefficients was calculated as:
where SE 1 and SE 2 the standard errors for the albumin coefficient in the models for HF with impaired and preserved ejection fraction, respectively.
A two-sided p<0.05 was accepted as statistically significant. Analyses were performed with SAS 9.2 (SAS Institute Inc., Cary, NC) and STATA 10 (StataCorp, College Station, TX).
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RESULTS
Baseline Participant Characteristics
The mean age of participants was 73.6 ± 2.9 years with 48.0% male and 58.7% white. Mean albumin was 39.8 g/L (range 28.0 to 50.0). Median follow-up was 9.4 years (interquartile range, 7.0-9.4 years). During this period, 342 of 2907 (11.8%) participants developed HF (incidence rate of 14.9, 95% CI, 13.4-16.5 per 1000 person-years). Table 1 presents the baseline characteristics of participants. Baseline inflammatory markers (IL-6, TNF-α, and CRP) were higher in participants who developed HF. Data on post-HF ejection fraction were available for 265 of 342 (77.5%) cases. Among these, 129 (48.7%) had impaired (≤40%) whereas 136 (51.3%) had relatively preserved ejection fraction (>40%).
Serum Albumin and Heart Failure Risk
In univariate Cox models, there was a linear, time-dependent association between baseline serum albumin concentrations and HF risk (Table 2, Figure 1A ). Lower serum albumin was associated with an increased risk for up to 6 years, in a diminishing rate; the risk was not statistically significant thereafter. The baseline HR for 1g/L lower serum albumin was 1.14 (95% CI, 1.06-1.22; P<0.001) and declined with an annual rate of 2.1% (95% CI, 0.8-3.3%; P=0.001), Table 2 . This association persisted in nested models controlling for HF predictors, inflammatory markers, and incident coronary events (baseline HR per -1g/L, 1.13; 95% CI, 1.05-1.22; P=0.001; annual rate of HR decline, 1.8%; 95% CI, 0.5-3.0%; P=0.008) ( Figure  1B-1D ). When the competing risk of death was accounted for in competing risks models, the estimates were not materially altered; in the fully adjusted model, the baseline HR for 1g/L lower serum albumin was 1.13 (95% CI, 1.05-1.21; P=0.001) and declined with an annual rate of 1.9% (95% CI, 0.7-3.1%; P=0.002). Figure 2 presents the Kaplan-Meier rates of incident HF among participants with serum albumin concentrations <40g/L vs. ≥40g/L (cohort median). Baseline serum albumin concentrations according to incident HF status over time are presented in Table 3 ; the relationship persisted for the first 7 years of followup; difference became non-significant thereafter.
Subgroup Analyses
The association of serum albumin and incident HF was similar in men and women (baseline HR per -1g/L in the fully adjusted model, 1.13; 95% CI, 1.05-1.23; P=0.002 and 1.12; 95% CI, 1.04-1.22; P=0.005 for men and women, respectively; P=0.82 for the interaction term) (Table 4) . Similarly, the association was consistent in whites and blacks (baseline HR per -1g/L in the fully adjusted model, 1.13; 95% CI, 1.04-1.22; P=0.004 and 1.13; 95% CI, 1.04-1.22; P=0.003 for whites and blacks, respectively; P=0.97 for the interaction term).
When only cases with impaired ejection fraction were considered (n=129), albumin was not associated with incident HF risk in univariate (HR per -1g/L, 1.08; 95% CI, 0.96-1.21; P=0.19; annual rate of HR decline, 1.3%; 95% CI, −0.09 to 3.5%; P=0.23) or multivariate models (HR per -1g/L in fully-adjusted model, 1.08; 95% CI, 0.95-1.22; P=0.26; annual rate of HR decline, 1.2%; 95% CI, −1.2 to 3.6%; P=0.32). When only cases with preserved ejection fraction were considered (n=136), albumin was associated with incident HF both in univariate (HR per -1g/L, 1.15; 95% CI, 1.03-1.27; P=0.010; annual rate of HR decline, 2.0%; 95% CI, 0.1 to 3.9%; P=0.037) and in multivariate (HR per -1g/L in fully-adjusted model, 1.12; 95% CI, 1.00-1.24; P=0.041; annual rate of HR decline, 1.4%; 95% CI, −0.5 to 3.2%; P=0.16) models. However, the difference in the albumin coefficients for HF with impaired vs. preserved ejection fraction did not reach statistical significance (P value for the z test was >0.4 and >0.6 for the univariate and multivariate models, respectively).
DISCUSSION
In this elderly cohort, baseline serum albumin concentration was inversely associated with risk for incident HF in a time-dependent fashion. This relationship persisted after controlling for other known predictors of HF, several inflammatory biomarkers, and incident coronary heart disease, and was not affected when death was analyzed as a competing risk.
Interestingly, the average baseline serum albumin in participants who developed HF during the entire 10-year follow-up period was not significantly lower compared to those who did not develop HF. This is related to the fact that most participants who develop HF earlier during follow-up had lower albumin concentration than later cases. The difference in baseline serum albumin concentrations between those who did and did not develop HF decreased over time, as did the hazard of developing HF with low serum albumin at baseline. Since we did not have serial albumin measurements in the Health ABC cohort, we do not know whether individuals who presented with HF in the long term had developed lower albumin concentrations in the interim. Considering that changes in serum albumin over time have been previously associated with incident cardiovascular risk,5 , 17 this is a possibility. Another explanation is regression dilution (or attenuation) bias, 18 i.e. weakening of the association for those events that occur at remote follow-up periods, as baseline measurements may not be representative of the "true" underlying value of the variable of interest any more. Future studies evaluating serial changes in albumin and risk for incident HF are necessary to completely address these questions.
There are several reasons to believe that serum albumin most likely represents a risk marker and not a risk factor. Hypoalbuminemia has been attributed to a variety of factors, including exogenous albumin loss, albumin distribution, catabolism rate of proteins, and the presence of inflammatory cytokines. Serum albumin concentrations are associated with increased inflammatory burden in the body. Inflammation has been associated with decreasing albumin synthesis rate and increasing catabolism. 11 In turn, the inflammatory markers studied in this investigation are elevated in patients with HF and asymptomatic left ventricular systolic and diastolic dysfunction, [19] [20] [21] [22] [23] and experimental studies have suggested that IL-6 and TNF-α are associated with left ventricular remodeling, fetal gene expression, myocyte hypertrophy, and myocyte apoptosis. 24 For these reasons, serum albumin may be considered as a surrogate marker of inflammatory status. However, controlling for inflammatory markers in our study had no effect on the association between serum albumin concentration and incident HF risk, suggesting that inflammatory status alone does not explain the albumin-HF link entirely.
Another alternative explanation is that comorbidities associated with development of HF are also associated with worsening serum albumin profile. However, our group has carefully assessed clinical predictors of incident HF in the Health ABC cohort in a previous study, 7 and controlling for all such predictors did not change the association. These observations suggest an interesting role for serum albumin as a strong surrogate marker for incident HF in the elderly, a marker that possibly integrates both known and unexplored pathways. Further insight into anti-thrombotic or anti-oxidant mechanisms, oxidative stress due to the nitric oxide reservoir capabilities of albumin, or other mechanisms may impact future therapeutic interventions.
Interestingly, in our study, low albumin levels appeared to have a strong association with HF with preserved ejection fraction. This is possible, as low albumin is associated with inflammation that has been linked with diastolic dysfunction in animals and humans, 25, 26 and inhibition of inflammatory pathways improves cardiac function in experimental diabetic cardiomyopathy. 27, 28 Similarly, previous studies have shown a relation between albumin and several comorbidities that are more common among patients with HF with preserved ejection fraction. However, cautious interpretation is needed because post-HF left ventricular function was not assessed systematically in Health ABC and theses findings are therefore subject to selection bias.
What are the implications of these findings? Considering that the association between serum albumin and incident HF was independent of other risk predictors and consistent in both sexes and in whites and blacks, serum albumin may be useful for HF risk determination among the elderly. For example, the recently published Health ABC Heart Failure Model, 7 a clinical model for HF risk assessment in the general elderly population, can be used to further risk stratify individuals with low serum albumin levels.
Our study has several limitations. Because some participants may have developed HF without requiring hospitalization, HF rates in our study are likely underestimated. Echocardiography was not performed at baseline in the Health ABC Study and left ventricular function during hospitalization for HF was not prospectively assessed either. Because our cohort included elderly only, these findings might not apply in younger populations. Finally, only baseline albumin was available; serial measurements likely would have provided additional information on the mechanisms underlying this association.
In conclusion, in this study we demonstrate that baseline serum albumin concentrations independently predict risk for incident HF among older adults in a time-dependent fashion. This association appears to be consistent across demographic subgroups, and may be stronger for individuals with HF with preserved ejection fraction. Further studies are needed to delineate the screening potential of serum albumin for high-risk individuals, clinical utility, and other applications based on the findings in this study. 
